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ABSTRACT 
 
 
Modern manufacturers, seeking to remain competitive in the market, rely on their 
manufacturing engineers and production personnel to quickly and effectively set up 
manufacturing processes for new products. Taguchi Parameter Design is a powerful and 
efficient method for optimizing quality and performance output of manufacturing 
processes, thus a powerful tool for meeting this challenge. This thesis discusses an 
investigation into the use of Taguchi Parameter Design for optimizing surface roughness 
generated by a conventional lathe. Control parameters being consider in this thesis are 
spindle speed, feed rate and depth of cut. After experimentally turning sample 
workpieces using the selected orthogonal array and parameters, this study expected to 
produce an optimum combination of controlled parameter for the surface roughness. 
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ABSTRAK 
 
 
               Pembuatan zaman moden, mencari faktor untuk terus bersaing di pasaran, perlu 
bergantung kepada jurutera pembuatan dan operater pengeluar untuk bekerja dengan 
cepat dan effektif dalam menyediakan proses pembuatan untuk produk baru. Kaedah 
parameter Taguchi adalah suatu kaedah yang berguna dan berkesan untuk 
mengoptimunkan kualiti dan kesan penghasilan , oleh itu, ia merupakan suatu kaedah 
yang berguna untuk mengatasi cabaran ini.Tesis ini membincangkankan suatu kajian 
dalam menggunakan kaedah parameter Taguchi untuk mengoptimunkan kekasaran 
permukaan yang di hasilkan oleh mesin larik. Parameter yang di pilih dalam tesis ini 
ialah kelajuan spindle, kadar potongan dan kedalaman potongan.Selepas selesai melarik 
bahan kerja bedasarkan susunan ortogonal dan parameter, kajian ini di jangka dapat 
menghasilkan satu kombinasi parameter yang optimum untuk kekasaran permukaan. 
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CHAPTER 1 
 
 
INTRODUCTION 
 
 
1.1 PROJECT OVERVIEW 
 
A manufacturing engineer or machine setup technician is often expected to 
utilize experience and published shop guidelines for determining the proper 
machining parameters to achieve a specified level of surface roughness. This must be 
done in a timely manner to avoid production delays, effectively to avoid defects, and 
the produced parts monitored for quality. Therefore, in this situation, it is prudent for 
the engineer or technician to use past experience to select parameters which will 
likely yield a surface roughness below that of the specified level, and perhaps make 
some parameter adjustments as time allows or quality control requires.  
 
A more methodical, or experimental, approach to setting parameters should be 
used to ensure that the operation meets the desired level of quality with given noise 
conditions and without sacrificing production time. Rather than just setting a very 
low feed rate to assure a low surface roughness, for example, an experimental 
method might determine that a faster feed rate, in combination with other parameter 
settings, would produce the desired surface roughness. 
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1.2  PROJECT OBJECTIVE 
 
1.  Demonstrate a systematic procedure of using Taguchi parameter       
 design in process control of turning machines. 
2. Determine optimum turning parameter for surface roughness 
 
 
1.3 PROJECT SCOPE 
1. Study is used the application of Taguchi method to optimize the      
            cutting parameter for turning operation. 
2. 2-inch diameter aluminum alloy rod will be machining using        
            conventional lathe machine  
3. STATISTICA software use in analyze the collected result  
4. Material and hardware that will be used are all available at mechanical   
            lab. 
 
 
1.4 PROBLEM STATEMENT 
 
Optimization of turning parameters is usually a difficult work where 
the following aspects are require such as like knowledge of machining and 
the specification of machine tool capabilities. 
 
The level of parameters is the main point because it will affect the 
surface of the work piece, it also to avoid from scratch marks or inaccuracies 
in the cut. In a turning operation, it is important task to select a good 
combination of parameters level for achieving high cutting performance. 
Generally, this combination is hard to find. 
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1.5 IMPORTANT OF STUDY 
 
As a future engineer, know how to establish a machining optimization turning 
parameter with high quality material that will be produced in order to increase the 
profit is vital. 
 
By understanding the concepts, develop and implement the suitable 
optimization technique for a wide variety of problem in the area of design and 
manufacturing can be done. 
 
This project also will increase the knowledge about the way to optimize the 
machining parameter in order to obtain the minimum surface roughness. These 
optimization technique parameters is also prevent engineer or production controller 
from doing something that waste in production such as time and produce a better 
product. 
 
 
1.6       SUMMARY 
 
This chapter discussed about the project background such as the important of 
this manufacturing optimization. It is also described the problem statement of this 
project, the important to the study, the objective and the scope of the project 
(limitation of the project).  
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CHAPTER 2 
 
 
LITERATURE REVIEW 
 
 
2.1. INTODUCTION 
 
 This chapter discussed about the turning process turning parameter and the 
previous study that involved the optimization technique. Here, the optimization 
technique, Taguchi method is review to get fully understanding before applied to the 
study. 
 
2.2  TURNING PROCESS 
 
Turning is a form of machining, a material removal process, which is used to 
create rotational parts by cutting away unwanted material as shown in Figure 2.1. 
The turning process requires a turning machine or lathe, work piece, fixture, and 
cutting tool.  
 
The work piece is a piece of pre-shaped material that is secured to the fixture, 
which itself is attached to the turning machine, and allowed to rotate at high speeds. 
The cutter is typically a single-point cutting tool that is also secured in the machine. 
The cutting tool feeds into the rotating work piece and cuts away material in the form 
of small chips to create the desire shape.[12] 
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     Figure 2.1 Turning process 
 
 
2.3  TURNING MACHINE 
  
Turning machines typically referred to as lathes, can be found in a variety of 
sizes and designs. While most lathes are horizontal turning machines, vertical 
machines are sometimes used, typically for large diameter work pieces. Turning 
machines can also be classified by the type of control that is offered.  
 
A manual lathe requires the operator to control the motion of the cutting tool 
during the turning operation. Turning machines are also able to be computer 
controlled, in which case they are referred to as a computer numerical control (CNC) 
lathe. CNC lathes rotate the work piece and move the cutting tool based on 
commands that are preprogrammed and offer very high precision.  In this variety of 
turning machines, the main components that enable the work piece to be rotated and  
the cutting tool to be fed into the work piece remain the same. Figure 2.2 show the 
lathe machine and it components.[12] 
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Figure 2.2 Lathe Machine 
 
1. Headstock                                          12. Tailstock 
2. Motor controls                                    13. Tailstock quill hand wheel       
3. 3-jaw chuck                                         14. Change gear cover 
4. Bed ways                                             15. Lead screw 
5. Carriage                                               16. Carriage hand wheel 
6. Tool post                                              17. Apron 
7. Cross slide                                            18. Cross slide feed handle 
 8. Compound rest                                    19. Threading dial 
9. Compound rest feed handle                  20. Power feed lever  
10. Tailstock quill                                      21. Tailstock lock        
11. Tailstock quill locking lever 
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2.4  Turning Cutting Tool  
 
All cutting tools that are used in turning can be found in a variety of 
materials, which will determine the tool's properties and the work piece materials for 
which it is best suited. These properties include the tool's hardness, toughness, and 
resistance to wear. The most common tool materials that are used include the 
following:[12] 
• High-speed steel (HSS)  
• Carbide  
• Carbon steel  
• Cobalt high speed steel  
The material of the tool is chosen based upon a number of factors, including 
the material of the work piece, cost, and tool life. Tool life is an important 
characteristic that is considered when selecting a tool, as it greatly affects the 
manufacturing costs. A short tool life will not only require additional tools to be 
purchased, but will also require time to change the tool each time it becomes too 
worn. 
 
Figure 2.3 Shapes of turning cutting tool 
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2.4.1 Carbide Cutting Tool (Tungsten-carbide Cobalt)  
 
Carbide cutting surfaces are often useful when machining through materials 
such as carbon steel or stainless steel, as well as in situations where other tools would 
wear away, such as high-quantity production runs. Sometimes, carbide will leave a 
better finish on the part, and allow faster machining. Carbide tools can also withstand 
higher temperatures than standard high speed steel tools. The material is usually 
tungsten-carbide cobalt, also called "cemented carbide", a metal matrix composite 
where tungsten carbide particles are the aggregate and metallic cobalt serves as the 
matrix. The process of combining tungsten carbide with cobalt is referred to as 
sintering or Hot Isostatic Pressing (HIP). 
 
 
2.5. TURNING MATERIAL 
 
In turning, the raw form of the material is a piece of stock from which the 
work pieces are cut. This stock is available in a variety of shapes such as solid 
cylindrical bars and hollow tubes. Custom extrusions or existing parts such as 
castings or forgings are also sometimes used. Turning can be performed on a variety 
of materials, including most metals and plastics. Figures 2.3 show the shape of 
turning material.   
 
Common materials that are used in turning include aluminum, brass, 
magnesium, nickel, steel, thermoplastics, titanium and zinc. When selecting a 
material, several factors must be considered, including the cost, strength, resistance  
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to wear, and machinability. The machinability of a material is difficult to quantify, 
but can be said to posses the following characteristics:[12] 
• Results in a good surface finish  
• Promotes long tool life  
• Requires low force and power to turn  
• Provides easy collection of chips  
 
Round bar  
 
Round tube  
 
Custom extrusions  
Figure 2.3 Shapes of turning material 
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2.5.1  Aluminum Alloy 
 
Aluminum is a soft, lightweight, malleable metal with appearance ranging 
from silvery to dull gray, depending on the surface roughness. The yield strength of 
pure aluminum is 7–11 MPa, while aluminum alloys have yield strengths ranging 
from 200 MPa to 600 MPa.  
 
Aluminum has about one-third the density and stiffness of steel. It is ductile, and 
easily machined, cast, and extruded. Aluminum is one of the few metals that retain 
full silvery reflectance in finely powdered form, making it an important component 
of silver paints. Aluminum is a good thermal and electrical conductor, by weight 
better than copper. Aluminum is capable of being a superconductor, with a 
superconducting critical temperature of 1.2 Kelvin and a critical magnetic field of 
about 100 gauss 
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2.6. TURNING PARAMETER 
 
In turning, the speed and motion of the cutting tool is specified through 
several parameters. These parameters are selected for each operation based upon the 
workpiece material, tool material, tool size, and more. Turning parameter that can 
affect the process are:[12] 
 
• Cutting speed - The speed of the work piece surface relative to the edge 
of the cutting tool during a cut, measured in surface feet per minute 
(SFM).  
• Spindle speed - The rotational speed of the spindle and the work piece in 
revolutions per minute (RPM). The spindle speed is equal to the cutting 
speed divided by the circumference of the work piece where the cut is 
being made. In order to maintain a constant cutting speed, the spindle 
speed must vary based on the diameter of the cut. If the spindle speed is 
held constant, then the cutting speed will vary.  
• Feed rate - The speed of the cutting tool's movement relative to the work 
piece as the tool makes a cut. The feed rate is measured in millimeter per 
revolution (RPM) 
• Axial depth of cut - The depth of the tool along the axis of the work piece 
as it makes a cut, as in a facing operation.  
• Radial depth of cut - The depth of the tool along the radius of the work 
piece as it makes a cut, as in a turning or boring operation. A large radial 
depth of cut will require a low feed rate, or else it will result in a high 
load on the tool and reduce the tool life. Therefore, a feature is often 
machined in several steps as the tool moves over at the radial depth of cut. 
 
 
12 
 
 
2.7. PREVIOUS STUDY 
   
Many studies have been made using Taguchi Method to optimize the turning 
parameter. M. Nalbalt et al (2006) use L9 orthogonal array with nine total 
experiment, to study the performance characteristics in turning operations of AISI 
1030 steel bars using TiN coated tools. Three cutting parameters namely, insert 
radius, feed rate, and depth of cut, are optimized with considerations of surface 
roughness. The experimental results demonstrate that the insert radius and feed rate 
are the main parameters among the three controllable factors (insert radius, feed rate 
and depth of cut) that influence the surface roughness in turning AISI 1030 carbon 
steel. 
 
W.H Yang and Y.S Tang (1997) carried out an experiment consist of 
eighteen combination on an engine lathe using tungsten carbide with the grade of P-
10 for the machining of S45C steel bars. The cutting parameters that have been 
selected are cutting speed, feed rate and depth of cut with the response variable, tool 
life and surface roughness. Result show that cutting speed and feed rate are the 
significant cutting parameters for affecting tool life, while the change of the depth of 
cut in the range has an insignificant effect on tool life. For surface roughness, all the 
cutting parameters have the significant effect. The confirmation experiments then 
were conducted to verify the optimal cutting parameters. The improvement of tool 
life and surface roughness from the initial cutting parameters to the optimal cutting 
parameters is about 250%. 
 
E.D Kirby et al (2005) use the application of the Taguchi parameter design 
method to optimizing the surface finish in a turning operation. This study was 
conducted using samples cut from a single length of 1-in diameter 6061-T6 
aluminum alloy rod. The control parameters for this operation included: spindle  
